G
astrointestinal endoscopy is one function of nonoperating room anesthesia in which anesthetic services have expanded most. Upper gastrointestinal procedures sometimes require sedation and analgesia in cases where a long diagnostic or therapeutic procedure is anticipated or when the patient will not tolerate the introduction of the endoscopy probe. 1 Gag reflex response to the introduction of the tube is common in this setting. 2 In addition to having discomfort and pain, patients 3 who experience a gag response can be at risk for significant hemodynamic changes and, on rare occasions, esophageal rupture. 4 Although the gag reflex has been estimated to be absent in around 30% of healthy subjects, its presence cannot be predicted. 2 Adequate sedation and analgesia may be helpful for managing patient stress on endoscope placement. Propofol and remifentanil are powerful but titratable anesthetic drugs that can be administered by means of a target-controlled infusion (TCI) system. Previous work from our group has reported combinations of propofol and remifentanil target effect-site concentrations that achieve and maintain moderate sedation (arousable with verbal and tactile stimuli) during upper gastrointestinal endoscopy. 5 Under the hypothesis that adequate sedation and analgesia could prevent the occurrence of gag, the purpose of the present study is to determine propofol and remifentanil effect-site concentrations that can predictably block the gag reflex in patients undergoing upper gastrointestinal endoscopic procedures.
METHODS
Patients in this study were part of a larger project to evaluate the influence of a specific genetic polymorphism, A118G, on BACKGROUND: The purpose of this study was to identify optimal target propofol and remifentanil concentrations to avoid a gag reflex in response to insertion of an upper gastrointestinal endoscope. METHODS: Patients presenting for endoscopy received target-controlled infusions (TCI) of both propofol and remifentanil for sedation-analgesia. Patients were randomized to 4 groups of fixed target effect-site concentrations: remifentanil 1 ng•mL −1 (REMI 1) or 2 ng•mL −1 (REMI 2) and propofol 2 μg•mL −1 (PROP 2) or 3 μg•mL −1 (PROP 3). For each group, the other drug (propofol for the REMI groups and vice versa) was increased or decreased using the "up-down" method based on the presence or absence of a gag response in the previous patient. A modified isotonic regression method was used to estimate the median effective C e,50 from the up-down method in each group. A concentration-effect (sigmoid E max ) model was built to estimate the corresponding C e,90 for each group. These data were used to estimate propofol bolus doses and remifentanil infusion rates that would achieve effect-site concentrations between C e,50 and C e,90 when a TCI system is not available for use. RESULTS: One hundred twenty-four patients were analyzed. To achieve between a 50% and 90% probability of no gag response, propofol TCIs were between 2.40 and 4.23 μg•mL −1 (that could be achieved with a bolus of 1 mg•kg , respectively. CONCLUSIONS: We identified a set of propofol and remifentanil TCIs that blocked the gag response to endoscope insertion in patients undergoing endoscopy. Propofol bolus doses and remifentanil infusion rates designed to achieve similar effect-site concentrations can be used to prevent gag response when TCI is not available. (Anesth Analg 2015;121:90-6) the requirements for remifentanil during sedation-analgesia using the bispectral index of the electroencephalogram. 6 The protocol was approved by the investigational review board of Hospital Clinic de Barcelona. All patients gave their written informed consent to participate in this study. Patients undergoing an ultrasonographic endoscopy of the upper gastrointestinal tract were randomized to 4 groups depending on the fixed target effect-site concentration of either propofol or remifentanil administered: remifentanil 1 ng•mL −1 , remifentanil 2 ng•mL −1 , propofol 2 μg•mL . The groups were named REMI 1, REMI 2, PROP 2, or PROP 3, respectively.
Patient Monitoring
Patients were noninvasively monitored with continuous electrocardiography, arterial blood pressure, pulse oximetry, respiratory rate analysis based on thoracic bioimpedance, and transcutaneous continuous carbon dioxide measurement using a SenTec Digital Monitoring System (SenTec AG, Therwil, Switzerland). The degree of sedation was monitored by the attending anesthesiologist using the Ramsay Sedation Score to maintain a Ramsay Sedation Score of 4.
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Before starting drug administration, patients were lying on their left side in a quiet environment for 5 minutes.
Drug Administration and End Point Evaluation
Propofol and remifentanil were administered by TCI system (Base Primea; Fresenius Kabi, Brezins, France) by using published pharmacokinetic models for propofol 8, 9 and remifentanil. 10 The study used up-and-down sequential allocation design. 11, 12 For the REMI 1 and REMI 2 subjects, the initial target effect-site concentrations of propofol were 3.5 and 2.5 μg•mL −1 , respectively. For the PROP 2 and PROP 3 subjects, the initial target effect-site concentration of remifentanil was 1.5 ng•mL −1 . The 4 groups as well as the initial targets to allocate the patients or the magnitude of changes in targets were selected based on work published previously by our laboratory. 5 The main outcome measure was the presence or absence of a gag response to insertion of an endoscope probe. Gag response was determined by the same endoscopist for all patients. The presence of a gag response was defined as retching, cough, and/or patient refusal with introduction of the endoscopy probe. Target concentrations of the nonfixed drug were individually adjusted based on the presence or absence of gag in the previous patient.
For groups REMI 1 or REMI 2, the target concentration of propofol in the next patient of the group was increased by 0.5 μg•mL −1 if the gag response was present indicating ineffective concentration, and it was decreased by the same concentration if there was no gag response indicating effective concentration.
For groups PROP 2 or PROP 3, the target concentration of remifentanil in the next patient of the group was increased by 0.5 ng•mL −1 when gag was present and was decreased by the same concentration when a gag response was absent. After an assessment of gag response, the drug target concentrations were adjusted at the discretion of the anesthesiologist for the remainder of the procedure.
Using the up-down method, each group required the inclusion of >20 subjects to provide stable estimates of target concentrations.
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Data Collection
Physiologic and drug infusion data were recorded using a computerized data acquisition system (Rugloop, Demed, Belgium, and Hyperterminal ® , Windows; Microsoft, Redmond, WA) at 1-second intervals and stored for data analysis. The exact time at the introduction and extraction of the endoscopy probe, when a gag response was observed, and any other event considered relevant to the study by the attending anesthesiologist were manually entered into the data acquisition system.
Data Analysis
The presence or absence of a gag response was recorded at each target concentration. Observations at a given concentration were reported as an observed response rate. The observed response rate was defined as the number of blocked gag responses over the total number of assessment at a given target concentration. The concentration data for each group was further analyzed using a modified isotonic regression method consisting of an up-and-down sequential allocation design to determine the median effective concentration (C e , 50 ).
Isotonic regression is a well-described variant of restricted least-squares regression based on the implicit assumption that drug effect increases with an increasing dose or concentration. However, this assumption is not always accurate when the observed response rate is computed from the sequential dose-responses, which could present unexpected ups and downs because of patient variability, among other causes. To minimize the influence of patient variability, an adjusted response probability was calculated, using a pooled-adjacent-violators algorithm (PAVA), 12 to ensure a monotonic response rate. Accordingly, estimated C e,50s using the isotonic regression method are always monotonic increasing (never decreasing) or monotonic decreasing (never increasing), showing favorable statistical properties. An isotonic point may be constant over some range of target effectsite concentrations. At each assigned dose, an adjusted response probability is easily calculated by the PAVA. The modified isotonic method as described by Stylianou and Flournoy 14 was used because of its efficiency in estimating C e,50s (i.e., requires fewer up-down assessments to reach a stable value than other approaches).
A comparison of C e,50 between groups REMI 1 and REMI 2 or groups PROP 2 and PROP 3 was made using the overlapping confidence intervals (CIs) method. 15 This highly conservative approach assesses overlap of the 83% CI between groups. If there is overlap, then the null hypothesis of equal C e,50 is rejected at a significance level α of approximately 0.05.
Pharmacodynamic Model Development
Based on the C e,50 values estimated from the isotonic method, and effect-site concentration-gag response data, the steepness of the curve, γ, was estimated by fitting the www.anesthesia-analgesia.org aNesthesia & aNalgesia logistic regression model to the observations in all 4 groups, as follows: 
Where P is the probability of absence of gag response, C e is the predicted propofol concentration (for groups REMI 1 and REMI 2) or remifentanil concentration (for groups PROP 2 and PROP 3), and maximum likelihood function was the objective function to be minimized. This model was used to estimate the C e,90 , the predicted effect-site concentration associated with a probability of absence of gag of 0.9.
Dosing Simulations
Using simulation software (PKPD tools for Excel a ) and published pharmacokinetic models for propofol 8, 9 and for remifentanil, 10 simulations were conducted to identify propofol bolus doses and remifentanil infusion rates that would result in effect-site concentrations between the C e,50 and C e,90 for loss of gag response in each group.
RESULTS
The sample size in each group was previously determined in a study exploring the prevalence of the single nucleotide polymorphism A118G in general population. From 160 patients randomized for inclusion in this analysis, 124 were included in this study. With 12 patients, the endoscopist was not a member of the research team and was not familiar with the criteria defining gag response. With 5 patients, evaluation of the gag response was unclear. With 6 patients, there was an error in programming the correct dose. With 6 patients, there was an error in entering the events correctly into the data collection software. With 7 patients, there were technical problems related to data collection software.
No episodes of apnea or intolerable respiratory depression, defined as a decrease in oxygen saturation <90% or a respiratory rate <4 breath•min −1 requiring interruption of the procedure or manual or assisted ventilation, were observed. Administration of atropine or ephedrine because of hemodynamic changes was not required. No patient complained of nausea and/or vomiting in the postanesthesia care unit. Table 1 summarizes the characteristics of the patient for groups REMI 1, REMI 2, PROP 2, and PROP 3. Figure 1 shows the up-and-down sequences for the 4 study groups. The estimation of the median effective concentration C e,50 (solid line) and the 95% CIs (dashed line), using the modified isotonic regression method, are also represented in these figures. There is a clear reduction of the C e,50 in the group REMI 2 in relation with the group REMI 1. Similarly, the C e,50 in the group PROP 3 tends to be lower than in the group PROP 2 as can be seen in Figure 1 , but there is an overlapping between the CIs of both groups. Table 2 presents the propofol and remifentanil C e,50s and their accompanying 83% and 95% CIs from the modified isotonic regression method. Based on the 83% CIs, the differences in propofol C e,50 for groups REMI 1 and REMI 2 are significant (P < 0.05), whereas differences in remifentanil C e,50 for groups PROP 2 and PROP 3 are not.
The observed response rates for each concentration of propofol or remifentanil and the predicted response based on the PAVA of the isotonic regression are presented in Figure 2 . For groups REMI 1 and PROP 3, the observed response rate is not monotonically increasing with increasing concentration. By contrast, with the PAVA algorithm, the predicted response rate is monotonically increasing with increasing concentration. Figure 3 presents the concentration-effect model predictions for each group and the 0.5 and 0.9 probabilities of no gag response. Table 3 presents the parameter values for γ and C e,90 estimated by logistic regression by using a sigmoid E max model structure.
Pharmacodynamic Model Development
Propofol bolus (mg•kg −1 ) and remifentanil infusion rates (μg•kg −1
•min −1 ) were identified that achieved predicted concentrations that would have between a 50% and 90% probability of blocking a gag response. For a target remifentanil concentration of 1 ng•mL −1 , the infusion rate is 0.05 μg•kg 
DISCUSSION
The present work provides a set of clinically relevant C e targets for propofol or remifentanil TCIs to avoid a gag response with insertion of an upper gastrointestinal endoscope. It also provides propofol bolus and remifentanil infusion rate recommendations that achieve and maintain the similar effect-site concentrations of propofol and remifentanil when TCI systems are unavailable and a bolus or constant continuous infusion must be used.
The C e,50 value for propofol or remifentanil in combination with selected TCI of the other drug allowed for an exploration of various dosing options and for a starting point for drug administration. One drawback to the C e,50 , however, is that it assumes that half of the patients will still have a gag response. To provide a more clinically relevant target, we used the logistic model to estimate the C e,90 , a target concentration more likely to lead to a loss of a gag response in most patients. The results presented here are consistent with previous work from our group. In a previous study, we found that in the absence of remifentanil, a C e of propofol of 2.7 μg•mL −1 was required to maintain moderate sedation where patients would respond to tactile, but not to verbal, stimulation. When combining the propofol with remifentanil TCI set to 1.5 ng•mL −1 , the propofol target concentration was decreased to 1.8 μg•mL −1 to achieve the same level of sedation. 5 In the present work, we found that drug requirements to achieve a loss of gag response were higher than those required for sedation reflecting the increase in noxious stimulation associated with endoscope insertion compared with maintaining moderate sedation in an unstimulated state (responsive to tactile stimulation).
The C e,50 of propofol used alone to blunt movement response to laryngoscopy has been estimated to be 5.6 μg•mL −1 . As expected, propofol target concentrations can be decreased to 3 μg•mL −1 when the remifentanil concentration is increased to 2 ng•mL −1 . Our propofol C e,50 estimate for the REMI 2 group is 2.15 μg•mL −1 , again reflecting the difference in intensity of stimulation between laryngoscopy, a more stressful stimuli than endoscope insertion.
Our results are also consistent with those reported in volunteers. LaPierre et al. 16 measured the response to esophageal instrumentation at various pairs of propofol and remifentanil target effect-site concentrations and built an interaction pharmacodynamic model. Based on their model, the 50% and 95% probability of no response to esophageal instrumentation were target propofolremifentanil effect-site concentrations of 2 μg•mL −1 and 2 ng•mL −1 for 50% and 3 μg•mL −1 and 3 ng•mL −1 for 95%, respectively. Our estimates for C e,50 and C e,90 are very close to the C e,50 and C e,95 of their isobolograms (isoeffect lines).
Previous work has also explored requirements of propofol alone to avoid a gag response in different adult age groups. Kazama et al. 17 estimated that a propofol C e,50 of 2.98 μg•mL −1 is necessary to block the gag response in patients 17 to 49 years old although these authors reported a high degree of variability. Based on their findings, it could be argued that propofol dosing would be enough, without any requirement for remifentanil. This was not the case in any of the groups we studied. There were 2 consecutive patients with a remifentanil target of 0 in the PROP 3 group, but the trend subsequently increased to higher remifentanil target concentrations. ; CI = confidence interval. *P < 0.05 (C e,50 propofol between REMI 1 and REMI 2).
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From the present analysis, we can only state that both drugs work well together, a fact that we already described for a different pharmacodynamic end point in a previous publication. 5 It is important to point out that propofol by itself has no analgesic properties and thus requires high effect-site concentrations to blunt responses, usually rendering patients unresponsive. With the addition of a modest dose of opioid, patients are profoundly analgesic yet often remain responsive to verbal or tactile stimuli.
The 2 consecutive patients with a remifentanil target of 0 in the PROP 3 group may have contributed to the lack of a statistical difference in the remifentanil C e,50 between the PROP 2 and PROP 3 groups. Although there was no difference in C e,50 , the estimates for C e,90 in the same groups were substantially different.
One potential issue with the up-down method is the sample size necessary to identify the C e,50 . Previous works by other authors have used similar sample size design to our work. 12, 13 In a methods article, Stylianou and Flournoy explored identifying a toxic dose in as few subjects as possible using the up-down method. They compared 5 different estimators and reported reaching an equilibrium point after , respectively. C e,90 = predicted effect-site concentration associated with a probability of absence of gag of 0.9; C e,50 = median effective concentration associated with a probability of absence of gag of 0.5. 20 or so subjects.
14 After 40 subjects, the estimators showed minimal change from the previous 20. Thus, we concluded that our group sizes of 25 patients were adequate in identifying C e,50s in each group.
We observed no significant ventilatory depression in patients enrolled in our study. This is in contrast to the observations made by LaPierre et al. in volunteers. In their study, escalating TCIs of propofol and remifentanil were administered to identify effect-site concentrations that would block the response to esophageal instrumentation. Some subjects developed intolerable respiratory depression at higher effectsite concentrations. 17 In our study, no patient required manual or assisted ventilation. This may have been attributed to the ongoing endoscopy procedure with its associated esophageal and gastric stimuli that preserved respiratory function.
The study design used in the present work did not offer a wide range of propofol and remifentanil concentrations as would be provided in an interaction study. However, it did provide a set of propofol and remifentanil effect-site concentration targets that an anesthesiologist could choose from that have a high probability of blocking a gag response during endoscopy. Although our results were based on responses during upper gastrointestinal endoscopy, they could easily be extrapolated to other procedures associated with a gag response, such as fiberoptic endotracheal intubation or bronchoscopy.
In summary, we measured the presence or absence of a gag response in patients undergoing upper endoscopy procedures anesthetized with various propofol/ remifentanil TCIs. Using a sequential method analysis, we estimated the C e,50 for propofol in the presence of a background TCI infusion of remifentanil and the C e,50 for remifentanil in the presence of background TCI infusion of propofol to block a gag responses for 4 different target-controlled dosing regimens. From that data, using a combined pharmacokinetic-pharmacodynamic model, we also estimated the C e,90 necessary to block a gag response for the same 4 dosing regimens. Finally, we estimated propofol bolus doses and remifentanil infusions rates that would achieve target effect-site concentrations between the C e,50 and C e,90 for blocking a gag response.
To conclude, we identified a set of propofol and remifentanil TCIs that blocked the gag response to endoscope insertion in patients undergoing endoscopy. Propofol bolus doses and remifentanil infusion rates designed to achieve similar effect-site concentrations can be used to achieve a loss of gag response when TCI is not available. E . C e,90 = predicted effect-site concentration associated with a probability of absence of gag of 0.9; C e,50 = median effective concentration associated with a probability of absence of gag of 0.5.
